Anaplastic lymphoma kinase (ALK) inhibitors have been successfully developed for non-small cell lung carcinoma (NSCLC) displaying chromosomal rearrangements of the ALK gene, but unfortunately resistance invariably occurs. Blockade of the PD-1-PD-L1/2 inhibitory pathway constitutes a breakthrough for the treatment of NSCLC. 
Introduction
Anaplastic lymphoma kinase (ALK) rearrangement with nucleoplasmin (NPM), first identified in anaplastic large cell lymphoma, has been found in other tumors with certain differences in terms of the selected fusion partner. 1, 2 Approximately 5% to 6% of non-small cell lung carcinomas (NSCLC) present chromosomal rearrangements of the ALK gene, mainly involving the echinoderm microtubule-associated protein-like 4 (EML4) gene as partner. 3 In all of these chimeric proteins, ALK is constitutively activated and considered to be a driver for tumor cell proliferation and survival. 4 The ALK tyrosine kinase inhibitor (TKI), crizotinib, has been successfully developed in these patients with a high initial clinical response rate. Unfortunately, resistance invariably occurs leading to tumor relapse and eventually to the patient's death. 5 Despite the development of novel ALK TKIs, such as ceritinib and alectinib, which partially overcome crizotinib resistance, other therapeutic approaches should be proposed in combination with TKIs for these patients.
Reversal of immunosuppression in the tumor microenvironment via targeting of inhibitory receptors expressed by T cells (Programmed cell Death protein 1 (PD-1), Cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) or their ligands (Programmed Death Ligand 1 (PD-L1) constitutes a major breakthrough in the treatment of cancer. In patients with locally advanced or metastatic NSCLC who have received at least one prior line of chemotherapy or TKIs, two anti-PD-1 antibodies, nivolumab (Opdivo Ò ) and pembrolizumab (Keytruda Ò ) were recently approved by the US Food Drug Administration and European Medicines Agency. [6] [7] [8] In the pembrolizumab recommended indication, the tumor has to express PD-L1. Since the overall response rate to blockade of the PD-1/PD-L1 pathway in NSCLC ranges between 25 and 30%, predictive biomarkers of clinical response need to be identified. The current dogma states that these immunotherapeutic agents unleash the cytotoxic activity of antitumor CD8 C T cells already present in the tumor microenvironment, but maintained in an anergic state by the interaction between PD-1 and their ligands (PD-L1 and PD-L2). This natural immune response is dictated by the immunogenicity of the tumor based on its ability to generate neoepitopes secondary to mutations or gene rearrangements, more easily recognized by CD8 C T cells. 9 The presence of virus or pathogens in the tumor and, in some cases, the likely recognition of self-antigens shared by normal and tumor cells, may also trigger priming of an antitumor immune response that would also explain the autoimmune side effects of immunotherapy. As expected, a high non-synonymous mutational tumor burden resulting in class I neoantigen load detected by an in silico algorithm may predict clinical benefit in NSCLC patients, 10 and in other cancer patients treated by anti-PD-1/PD-L1. [11] [12] [13] However, low mutational load did not preclude clinical response to immunotherapy.
14,15 PD-L1 expression by tumor and/or immune cells has also been associated with improved clinical benefit to PD-1 pathway blockade in NSCLC patients. 7, 8, 16, 17 However, baseline PD-L1 expression did not appear to predict clinical response in patients with squamous cell carcinoma of the lung. 6, 8 The clinical predictive value of PD-L1 may vary depending on the clinical outcome selected (overall response rate, progression-free survival, overall survival (OS)), the criteria used to determine the positivity of PD-L1 staining (cut-off, tumor versus stroma), and the type of tumor analyzed. 14, 18 Furthermore, the pre-existence of CD8-positive tumor-infiltrating lymphocytes, whether or not they express PD-1, has been correlated with the benefit of anti-PD-1 therapy in melanoma, 19 MicroSatellite Instability (MSI)-high colorectal carcinomas 11 and urothelial tumors, 12 but this association has not been confirmed by other groups in melanoma 20, 21 or in other tumors. 22, 23 Activated CD8 C T cells identified by their PD-L1 expression or the detection of PD-1 by immune cells have also been correlated with clinical response to anti-PD-1. 19, 22 In the light of these results, composite biomarkers integrating various components of host-tumor interaction combined in a "tumor-immune signature" may be more relevant to guide the selection of potential responding patients to immunotherapy. In line with this hypothesis, classification of tumors based on their levels of PD-L1 expression and CD8
C T cell infiltration has been proposed. 24, 25 The ALK-rearranged protein is immunogenic in cancer patients, as lymphoma patients with ALK rearrangements mount spontaneous B-and T-cell responses against the ALK protein. 26, 27 Various ALK chimeric proteins expressed in anaplastic lymphoma and NSCLC patients have been shown to induce PD-L1. 28, 29 Few studies have analyzed intratumoral T cell infiltration in tumors with ALK rearrangement. In a small number of ALK-positive patients (n D 5), Voena et al. reported a low percentage of infiltrating T cells, while in ALK-driven lung cancer in mice, an accumulation of PD-1 C T cells was reported compared with lung tumors without ALK rearrangement. 30 To more effectively integrate all of these potential biomarkers of clinical response to immunotherapy, we have developed an immunofluorescence platform to comprehensively analyze the tumor microenvironment of ALK-positive adenocarcinoma (ADC). We compared our results with a series of patients harboring epidermal growth factor receptor (EGFR) mutations or patients without the major dominant mutations found in NSCLC (EGFR and K-RAS). Based on analysis of their tumor microenvironment, we found that a subpopulation of ALK-positive ADC displays various criteria associated with clinical response to PD-1/PD-L1 blockade.
Results
Comparative analysis of immune cell infiltration in ALKpositive, EGFR-mutated ADC and WT tumors
Based on CK19 staining of tumor cells, tissues were segmented between intratumoral and stromal zones to precisely locate immune cell infiltration (Fig. 1 ). Various types of triple immunofluorescence staining (CK19-CD8-PD-1, CK19-CD4-Foxp3) were developed to quantitate intratumoral or stromal infiltration of CD8 C T cells, PD-1
cells and Foxp3
C CD4 C regulatory T cells ( Fig. 1 and Fig. S1 ). The mean total number of CD8 C T cells expressing PD-1 was not significantly different between the various subgroups of lung cancer ( Figs. 2A and B) . In contrast, EGFR-mutated ADC were less intensely infiltrated by intratumoral CD8
C T cells and intratumoral PD-1 C
CD8
C T cells than WT tumors ( Fig. 2 C and D) . The number of intratumoral PD-1
C

CD8
C T cells tended to be higher in the ALK-positive ADC group compared with the EGFR-mutated group (p D 0.06) (Fig. 2D) .
Most total and intratumoral CD8 C T cells expressed PD-1. For example, 93% of intratumoral CD8
C T cells expressed PD-1 in the ALK-positive ADC group versus 78% in the EGFRmutated group and 81% in the WT group with no significant difference between the various groups.
Since, the antitumor activity of CD8 C T cells requires the expression of MHC class I molecules by tumor cells, we also checked for MHC class I expression using an H score (Fig. S2) . No significant differences in b2-microglobulin expression -the invariable chain of HLA class I molecules -were observed between the various subgroups of lung cancer patients (Fig. S2) . The mean total number of CD4 C T cells infiltrating all lung cancer subgroups was more than tenfold higher than the total number of CD8 C T cells ( Fig. S1B and Fig. 2) . In all subgroups, CD4
C T cells and regulatory T cells were mainly found in the stroma (Fig. S1A and data not shown) . No significant differences in infiltration by the various subpopulations of CD4 C T cells or in the CD8 C /regulatory T cell ratio were observed between the various subgroups of lung cancer patients (Figs. S1B and D).
PD-L1 expression in ALK-positive, EGFR-mutated and WT lung cancer
To accurately discriminate PD-L1 expression by tumor cells and stromal/immune cells, we performed double immunofluorescence staining for PD-L1 combined with CK19 ( Fig. 3) . In ALK-positive ADC, the median number of tumor cells expressing PD-L1 per field was 13.6 (IQR: 1.2-103) (Fig. 4A) . Using various cut-offs for the percentage of tumor cells expressing PD-L1 per field to define tumor PD-L1 expression as a dichotomous variable, we found that 62% (Fig. 4D) , 45% ( Fig. 4E ) and 17% ( Fig. 4F ) of patients expressed PD-L1 using cut-offs of 1%, 10% and 50%, respectively. Expressed as either a continuous or a 
CD8
C stromal cells, while pink circles identify PD-1
C cells in the stroma (pink dot on mapping) (original magnification £200). C stromal/immune cells per field (fd)(B), or total number of PD-L1 C tumor cells and PD-L1 C stromal cells per field (C). These parameters were compared between the three subgroups of lung cancer patients. Percentage of patients whose tumors expressed PD-L1 with cut-offs greater than 1% (D), 10% (E) and 50% (F).
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No significant correlation was observed between PD-L1 expression on tumor cells and stromal/immune cells (data not shown).
In the literature, PD-L1 expression is usually assigned to tumor cells or stromal cells according to the region in which the staining is observed. Using quadruple immunostaining (CK19, PD-L1, CD8, PD-1), we clearly demonstrated that, in some patients, PD-L1-positive cells in the tumor nest did not correspond to either tumor cells in the absence of CK19 costaining or CD8 C T cells (Fig. 5 ). Only this type of multiparametric technique is able to discriminate these cells from PD-L1-positive tumor cells. This study therefore highlights a possible bias in quantitation of PD-L1 on tumor cells using conventional immunohistochemistry techniques.
Correlation between immune cell infiltration and tumor phenotype (PD-L1 and MHC class I)
A significant correlation was demonstrated between the number of total or intratumoral C T and CD8 C T cell infiltration in EGFR-mutated ADC (Fig. S3 ). In addition, using quadruple immunostaining for CK19, PD-L1, PD-1 and CD8 C , we clearly demonstrated close contact between PD-L1 C tumor cells and PD-1 C CD8 T cells in some ALK-positive ADC (Fig. S4) . 
CD8
C T cells higher than the median (Fig. 7B ). In contrast, only 7% (2 out of 27) of EGFR-mutated tumors (p D 0.02) and 8% of WT tumors (p D 0.024) presented these two criteria. When these positive criteria for response to immunotherapy were combined with expression of MHC class I molecules or PD-L1 expression by stromal/immune cells dichotomized by the median, no overall difference was observed between the various subgroups (Figs. 7 C and D) . However, the combination of PD-L1 expression on tumor cells and stromal cells and intratumoral infiltration by PD-1 C CD8 C T cells tended to be more frequent in ALK-positive ADC than in non-ALK-rearranged tumors (6/29 vs. 3/52, p D 0.063) (Fig. 7D) . In addition, PD-L1 expression and high HLA-class I expression on tumor cells with intratumoral infiltration by PD-1 C CD8 C T cells appeared to be more frequent in ALK-positive ADC (6/28: 21%, missing data for HLA class I expression in one case) compared with non-ALK-rearranged tumors (3/52: 6%) (p D 0.059) (Fig. 7C) .
In view of the heterogeneous PD-L1 expression and infiltration by CD8
C T cells in ALK-positive ADC, we investigated whether tobacco might constitute a confounding factor in this analysis. No correlation was demonstrated between smoking status and PD-L1 expression by tumor cells or infiltration by PD-1 C CD8 C T cells in ALK-positive ADC (Table S3) .
Relationship between tumor phenotype or immune cell infiltration and tumor aggressiveness and clinical outcome
We next addressed whether the PD-L1 expression or immune cell infiltration was associated with tumor aggressiveness and clinical outcome. Neither PD-L1 expression by tumor cells nor total or intratumoral infiltration of PD-1 C CD8 C T cells were correlated with T, N or M staging, or tumor stage (Table S3 ). In line with these results, a more detailed analysis of the relationships between PD-L1 expression by tumor cells and/or stromal-immune cells and clinical outcome did not reveal any association with DFS or OS (Table S4) . Similarly, no relationship was observed between immune cell infiltration by CD8 C T cells or PD-1 C T cells or CD4 C T cells or Foxp3 C
CD4
C T cells and DFS or OS (Table S4) .
Composite biomarkers including PD-L1 expression by tumor cells and the levels of infiltration by intratumoral CD8
C T cells or PD-1 C
CD8
C T cells were not associated with clinical outcomes (Fig. S5) . These biomarkers may therefore constitute predictive markers rather than prognostic markers in patients with ALKpositive ADC.
Discussion
When tumors are classified according to their PD-L1 expression and tumor infiltration by CD8 C T cells, it has been shown that the tumors most responsive to PD-1/PD-L1 blockade (melanoma, lung carcinoma, renal carcinoma) exhibit the highest frequencies of PD-L1-positive tumors combined with a high density of intratumoral CD8 C T cell infiltration. 24, 25 The present study demonstrated a higher frequency of tumors combining positive PD-L1 expression on tumor cells and infiltration by intratumoral CD8
C T cells or PD-1 C CD8 C T cells in ALKpositive lung cancer patients than in EGFR-mutated (p D 0.03) or non-EGFR-mutated and non-K-RAS-mutated lung cancer patients (p D 0.012). As, in some studies, PD-L1 expression on both tumor cells and stromal cells contributed to clinical response. 12, 17 We also showed that ALK-positive ADC preferentially belonged to the group with positive PD-L1 expression on tumor cells and stromal cells associated with intratumoral infiltration by PD-1 C CD8 C T cells, compared with non-ALKrearranged lung cancer (p D 0.063). Our results have not yet been validated by determination of clinical response in the subgroup of ALK-positive patients in a large series of lung cancer patients treated by immunotherapy. In a limited series of six ALK-positive ADC, no clinical response was obtained after administration of PD-1 inhibitors. 31 However, immunotherapy was mostly administered following disease progression on crizotinib. Interestingly, paired biopsies before and after crizotinib showed that crizotinib led to a decrease in PD-L1 expression and CD8
C T cell infiltration. 31 In addition, in vitro, PD-L1 expression on tumor cells was downmodulated after treatment with specific ALK inhibitors or ALK siRNAs. 29 These data suggest that, on the basis of these predictive biomarkers (PD-L1, CD8
C T cells), immunotherapy should be administered before crizotinib.
When immunohistochemical parameters composing the predictive signature were analyzed separately in more detail, to more precisely define the tumor microenvironment of ALKpositive ADC, we found a greater number of patients with positive PD-L1 expression on tumor cells in the ALK-positive group than in non-ALK-rearranged lung cancer patients. Various studies have also shown that PD-L1 expression, as detected by immunohistochemical analysis, was higher in NSCLC tumor specimens positive for ALK rearrangement than in control lung cancer. 29, 32, 33 In both anaplastic large cell lymphoma and ALKpositive lung cancer, the respective NPM-ALK and EML4-ALK chimeric proteins were shown to induce PD-L1 via distinct signaling mechanisms. 28, 29 Interestingly, we found a very strong correlation between PD-L1 expression on tumor cells and intratumoral infiltration by CD8 C T cells. In melanoma patients, it has been demonstrated that the CD8 C T cells in contact with the tumor produced IFNg, which upregulated PD-L1 expression. 34 A similar mechanism could also occur in ALK-positive lung cancer.
This relationship between PD-L1 expression on tumor cells and CD8 C T cell infiltration was not observed in EGFRmutated tumors and non-EGFR-mutated, non-K-RAS-mutated lung cancers, which reinforces the specificity of ALK-positive tumors for this additional mechanism of PD-L1 regulation. In ALK-positive lung cancer patients, the mechanisms of PD-L1 expression would result from both oncogenic events via the presence of the ALK chimeric protein and an adaptive mechanism based on the presence of infiltrating CD8 C T cells. No correlation was observed between PD-L1 expression on tumor cells and stromal/immune cells. In line with these results, no correlation was observed between PD-L1 expression on stromal/immune cells and CD8
C T cell infiltration. Fehrenbacher et al. also reported distinct populations of lung cancer based on their PD-L1 expression on tumor cells or stromal cells. 17 IL-10 and IL-32B have been reported to induce PD-L1 on monocytes, but not on tumor cells, suggesting different mechanisms of regulation of PD-L1 in stroma and in the tumor nest. 35 However, in other studies, CD8 C T cell infiltration was correlated with PD-L1 expression on immune cells in the stroma. 12, 17 Most studies have emphasized the role of pre-existing antitumor CD8
C T cells in the efficacy of PD-1-PD-L1 blockade. Previous studies have reported that peptides derived from chimeric ALK protein could generate anti-ALK-specific CD8 C T cells. 36 These cells have also been detected in cancer patients with ALK rearrangements. 26, 27 We did not investigate the presence of anti-ALK-specific T cells in our series of ALK-positive ADC, but indirect arguments suggest that antitumor CD8 C T cells were present. Most infiltrating CD8
C T cells expressed PD-1 and specific T cells are known to be enriched in this PD-1-positive T cell population. 37, 38 Close contact between PD-1 C CD8
C T cells and tumor cells was visualized in situ. Based on our predictive criteria of response to immunotherapy, the group of EGFR-mutated cancer patients, who rarely co-expressed PD-L1 and rarely presented intratumoral infiltration by PD-1 C
CD8
C T cells, could be considered to be less likely to respond to PD-1-PD-L1 blockade. This hypothesis has now been validated in various clinical trials. 18, 31, 39 Several limitations of our study need to be mentioned. This analysis focused on predictive criteria of response to PD-1-PD-L1 blockade based on in situ multiparametric immunofluorescence analysis. Other biomarkers of clinical response measured by immunocytochemistry (PD-L2) 17 or gene expression analysis (IFNg or stromal signature) 17, 21, 22, 40 or tumor sequencing (mutation load) 10 have also been reported and could have led to different conclusions. However, the relevance of these markers remains more controversial. 21, 23, 41 In addition, correlations have been previously reported between the biomarkers tested in our study and other potential predictive parameters, which mitigate this bias. Indeed, a positive association was found between patients belonging to the group with PD-L1-expressing tumors and CD8 C T cell infiltration and those harboring high mutational load and in silico predicted mutant neoantigens. 25 Other studies have also demonstrated relationships between total mutation load or mutated epitopes in the tumor and PD-L1 expression or cytolytic activity and CTL infiltration. [42] [43] [44] One of our control groups (non-EGFR-mutated non-K-RAS-mutated lung cancer) could be heterogeneous and may have included patients with other mutations (P53, Ros, STK11, Braf, etc.), which could influence PD-L1 expression and the composition of the tumor microenvironment. 45, 46 However, our other control group of EGFR-mutated lung tumors was well defined and homogeneous and ALK-positive lung cancer patients clearly displayed a higher frequency of predictive biomarkers of clinical response than this control group.
An immunogram based on various parameters that could influence cancer-immune interaction has recently been proposed. 47 The multiparametric in situ immunofluorescence technique developed in the present study is adapted to composite biomarkers requiring simultaneous measurement of predictive biomarkers of response to immunotherapy. Automated counting allows reproducible operator-independent results. This technique accurately enumerates cells with specific phenotypes and not simply surface area of staining, as a surrogate marker of infiltrating cells. 31, 48 It allows precise localization of immune cells and PD-L1 in the tumor nests or in the stroma, which may modify the significance of these markers in terms of predictive and prognostic value. 22 In the literature, tumor cells are considered to express PD-L1 when staining is observed in the tumor nests. We clearly demonstrated PD-L1 expression by non-tumor cells in the tumor zone (Fig. 5 ) and only this type of multiparametric technique can avoid this bias.
Overall, based on this technique, this study suggests that a subgroup of ALK-positive lung cancer patients may constitute good candidates for anti-PD-1-PD-L1 therapy, but ideally before modification of the tumor microenvironment by crizotinib.
Methods and patients
Patient cohorts
A retrospective cohort of 29 patients with non-treated lung ADC with ALK rearrangement (ALK-positive) who underwent lobectomy in the thoracic surgery departments of five French Hospitals (Georges Pompidou, Tenon and Bichat, Paris; Louis Pasteur, Nice; Hautepierre, Strasbourg) was set up. Frozen sections of tumors before TKI therapy were available for each patient. As control groups, we selected EGFR-mutated tumors (n D 27) and a population of lung cancers with no EGFR and no K-RAS mutations and without ALK rearrangement, hereafter defined as wild-type (WT) (n D 25). ALK rearrangement was detected by break-apart fluorescent in situ hybridization. For the control groups, targeted next generation sequencing (NGS) using the Colon and LungV2 ampliseq panel (lifetechnologies) on a Ionproton sequencer was performed to determine the patient's molecular status (EGFR mutations, K-RAS mutations).
Characteristics of the ALK-positive patients are reported in Table S1 . Pathological staging was reported according to the TNM 2009 classification. The median disease-free survival (DFS) and OS at the time of analysis were 37 mo and 72 mo, respectively. Fifteen patients had been treated by chemotherapy and three patients received radiotherapy. The characteristics of EGFR-mutated tumors and WT tumors are also indicated in Table S1 . As expected, male gender and smokers were more frequent in the WT group (Table S1 ). This study was conducted in accordance with the Declaration of Helsinki and was approved by the local ethics committee (CPP Ile de France II No. 2015-08-07). Informed consent was obtained from all participants.
In situ immunofluorescence staining
Tissue samples obtained on the day of surgery were frozen and stored at ¡80 C. Frozen specimens provided by the Biological Resources Center and Tumor Bank Platform were sectioned at 4 to 6 mm with a cryostat, placed on slides, air-dried and fixed for 5 min with 100% acetone. Slides were pretreated with avidin/biotin blocker (Dako, Carpinteria, CA) for 10 min and Fc receptors were blocked with AB serum in PBS for 30 min.
The fields were selected by the presence of carcinomatous nests and validated by a pathologist. Slides and fields without tumor were excluded. PD-L1 expression on tumor cells was defined as a quantitative and qualitative variable. Only membranous staining of the tumor was considered and various cutoffs of 1%, 10%, 50% were examined for PD-L1 expression on tumor cells. When integrated in a composite biomarker, the cut-off of 10% was selected, as proposed in a recent meta-analysis, as the difference in clinical response between PD-L1 positive and negative patients was significantly higher in studies with a cut-off > 10%. 49 PD-L1 expression on immune cells,
C regulatory T cells were measured as quantitative variables (mean number of cells per field). Three multiplex stainings were performed using labeled or unlabeled primary antibodies followed by fluorophore-labeled secondary antibodies: quadruplex staining for PD-L1, PD-1, cytokeratin 19 and CD8 C , triplex staining for CD4 C , Foxp3 and cytokeratin 19 (CK19) and double staining for pankeratin AE1/AE3 and b2-microglobulin. These antibodies are detailed in Table S2 . Isotype-matched antibodies were used as negative controls. In each case, we checked that the secondary antibodies did not cross-react with unrelated primary antibodies used in the combination. Nuclei were highlighted using DAPI mounting medium.
Fluorescence analysis and automated cell count
Slides of stained lung sections were read with a Vectra Ò automated microscope. This Perkin Elmer Ò technology allows measurement of morphometric and fluorescence characteristics in the various cell compartments (membrane/cytoplasm/nuclei). An associated cell analysis software, inForm Ò , integrates these various signals, allowing a multiplex staining protocol. As recommended for multiplex analysis, single-stained (Cyanine 2 or Cyanine 3 or Alexa Fluor 594 or APC) and non-stained slides were analyzed with InForm Ò to integrate the corresponding spectra into a fluorescence library.
For each slide, image acquisition and subsequent cell counts were performed on at least five fields using a 20 £ objective, except for b2-microglobulin staining, which was done on at least two fields. For each patient, results correspond to the mean of various fields. Briefly, "tissue segmentation" was performed on the basis of cytokeratin staining (CK19 or AE1-AE3), and "cell segmentation" was performed on the basis of DAPI staining and the size of the cells. Tissue and cell recognition, integrated by InForm Ò software allowed to define the localization of each marker in the tumor nest (intratumoral) or stroma (peritumoral). A phenotyping step based on "training" of the software to recognize positive and negative cells, resulting in an analysis algorithm, was then performed. Mapping determined the phenotype of the cells with each color point corresponding to the number of single-stained, double-stained or triple-stained cells (see figure legends) . A semiquantitative H score established by InForm Ò software based on the percentage of tumor cells expressing b2-microglobulin (0-100%) and the staining intensity ranging from 1 to 3 was then used to determine b2-microglobulin expression by tumor cells. The H-score corresponds to the product of these two results (the maximum value of 300 corresponded to 100% of b2-microglobulin-positive tumor cells with an intensity score of 3). Each phenotyping image was checked by a pathologist after software analysis.
Statistical analysis
Continuous variables are expressed as the median and interquartile range and were compared between groups using Wilcoxon's rank sum test or Kruskal-Wallis test when appropriate. Categorical variables are expressed as numbers and percentages and were compared using Fisher's exact test. Correlation between biomarker expression was estimated with Spearman's rank correlation coefficient. OS of ALK-positive patients was defined as the time from the date of surgery to the date of death or last follow-up. Disease-free survival (DFS) was defined as the time from the date of surgery to the date of recurrence diagnosis, death or last follow-up, whichever occurred first. OS and DFS were estimated using the Kaplan-Meier method. Association between clinical variables and biomarkers with OS and DFS were estimated in Cox models. Proportional hazards hypothesis and log linearity of continuous variables were assessed. All tests were two-sided and p-values less than 0.05 indicated significant associations. Analyses were performed on R statistical platform, version 3.1.1.
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